N o p revious set o f values o f th e d issociation energies o f CO, N 2, NO a n d CN ca n be re g a rd e d as sa tisfa c to ry unless v io latio n s o f th e non-crossing ru le a re p o stu la te d as possible.
N o p revious set o f values o f th e d issociation energies o f CO, N 2, NO a n d CN ca n be re g a rd e d as sa tisfa c to ry unless v io latio n s o f th e non-crossing ru le a re p o stu la te d as possible.
T he B irge-S poner m e th o d o f e x tra p o la tin g v ib ra tio n a l en erg y levels to th e d isso ciatio n lim it is discussed. B y assu m in g t h a t th e in te n sity v a ria tio n s in th e F o u rth P o sitiv e b a n d s o f CO, u su ally reg ard ed as due to a pred isso ciatio n , a re really p e rtu rb a tio n s, a n d b y a d o p tin g a n a lte rn a tiv e in te rp re ta tio n to th e com m only ac c e p te d one for th e p red isso ciatio n in th e F ir s t P o sitiv e b a n d s o f N 2, it is possible to reconcile e x istin g d a ta w ith b o th th e non-crossing ru le a n d th e B irge-S poner e x tra p o la tio n s only w ith th e follow ing v alu e s jD(CO) = 11*11 eV, £)(N 2) = 9*764, D (N O ) = 6*49, D (CN) = 7*5. T he co rresp o n d in g v alu e o f th e la te n t h e a t o f su b lim atio n o f carb o n is 170*1 kcal./m o l. T his schem e o f v alu es ex p lain s th e re su lts o f re la te d e x p erim en tal m easu re m e n ts a t least as well as a n y o th e r.
I n t r o d u c t i o n
The energies of dissociation of a number of diatomic molecules have been deter mined, apparently with high accuracy, by observation of predissociation limits. In some cases, the reliability of the values obtained depends on the validity of certain assumptions concerning the degree of excitation of the products of dissocia tion, and in some cases the values at present accepted are very different from the values expected from extrapolation of known vibrational energy levels to the dissociation limit.
The recent history of the supposed determinations of the energy of dissociation of carbon monoxide, a molecule whose spectrum is well known and has been the subject of intensive study, illustrates how difficult it has proved to reach agreement. The value for D(CO) originally put forward by Birge & Sponer (1926) was, with recent conversion factors, 11-34 eV. Lessheim & Samuel (1934) assumed that there was a predissociation in the upper level of the 5B bands and gave Z)(CO) = 10-45 eV. Then Coster & Brons (1934) reported predissociation in the spectra of CO leading to D(CO) = 9-82 eV, but later (Brons 1935; Coster & Brons 1935) claimed to have observed predissociation in the a1 II upper level of the Fourth Positive bands and said that 'this made D(CO) = 8-41 eV perfectly certain'. This was at first accepted by Schmid & Gero (1935) who later, however, appeared convinced that the true value was 6-92 eV (Schmid 1936; Schmid & Gero 1936) . Herzberg (1937) reviewed the existing observations of predissociations and con cluded that, with recent conversion factors, values of 6-92, 7-88, 8-42, 9-14, 9-85 or 11-11 eV were possible according to the genuineness and interpretation of the observed limits, and summarized in favour of 9-14, a value which he has recently (1942) defended. Calculations on the short-wave fluorescence limits of benzene and of the absorption spectra of polyenes (Kynch & Penney 1941) favour a value about 11 eV, while electron collision experiments (Hagstrum & Tate 1941) gave 9-6, favouring a value of 9-85 if the predissociation limits are taken into account. From this remarkable collection of diverse values it does not seem possible to draw any safe conclusion, except perhaps that the whole position is unsatisfactory. For nitrogen a rather similar history could be written, but in this case a value of 7-38 eV appears to have been generally accepted, although it is in strong disagreement with the value 11 eV, obtained by extrapolation of the vibrational levels of the ground state, a value which can hardly be reduced by more than 2 eV on any normal scheme of extrapolation.
Quite apart from the obvious doubt engendered by the variety of values put forward, it is remarkable that most authors have ignored the non-crossing rule introduced by Hund, and stressed by Neumann & Wigner (1929) that potential energy curves of the same electronic species never cross. We therefore propose to apply the non-crossing rule systematically and see where it leads. As a preliminary to a discussion of individual molecules, a few brief general remarks will serve to express our views on the reliability of extrapolated dissociation limits and on the application of the rule. It is then proposed to discuss the dissociation energies of certain molecules affected by our conclusions. These energies are of considerable importance in thermo-chemistry, and the value of D(CO) carries with it, as described by Herzberg (1937) , a knowledge of the heat of sublimation of carbon, and is therefore of cardinal importance in determining the absolute heats of formation of all organic compounds.
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The Birge-Sponer extrapolation
When a number of vibrational energy levels of a molecular state are known, it is possible to extrapolate these levels to the convergence limit correlated with the energy of dissociation of that particular molecular state. The extrapolation may be made either analytically or graphically. One of the simplest methods is to plot the intervals AGv+i between the vibrational energy levels against the vibrational quantum number v and extrapolate the curve to zero The dissociation energy is then given by the area beneath the curve. Alternatively the vibrational energy term Gv may be plotted against A G; the in by extrapolation then gives the dissociation limit. The accuracy of the extrapola tion naturally depends on how many vibrational levels are known, and where only a few levels are known, so that a long extrapolation has to be made, the accuracy may not be high; but where a number of levels are known so that the general trend of the curve can be seen and allowed for, reasonably accurate values may be expected.
In a detailed study of the vibrational levels of the upper electronic state of 0 2 Birge (1929) found that the A @v+ b v curve showed an inflexion giving a slightly higher value for the dissociation limit than that obtained by extrapolation using only the lower levels. The second difference in AGv+i showed a fairly sharp break, and Birge represented the curve for this second difference by two intersecting straight lines. More recent measurements by Knauss & Ballard, however, indicate that the change of slope is less sudden than was formerly sup posed. Similar changes leading to slightly higher values of the dissociation energy have been observed for the upper electronic states of the halogens, IC1 and IBr. The upper electronic states of the alkali-metal hydrides are also anomalous, due to interaction with ionic terms, but do not show any sharp discontinuity. Watson & Koontz (1934) have reported a break in the values for the second difference in A Gv+i for the upper state of the far ultra-violet system of which would in this case lead to a slightly lower value of the dissociation limit. However, all these discontinuities are slight and would not appreciably affect the determination of the limit.
For AgH (Bengtsson & Olsson 1931) the curve for the excited electronic state shows a pronounced change of slope which leads to a much higher dissociation limit than that which would be obtained by extrapolation from the first few levels.
The A ^v+i ṽ curve for the upper state of the red bands of K2 studie Loomis & Nusbaum (1932) shows a rather marked change of slope at high leading to a lower dissociation limit than that which would be obtained by extra polation of the first part of the curve. Many of the weak bands from which data for the highest vibrational levels are derived are blended, while others could be analysed so as to form parts of weaker Franck-Condon parabolas of the type observed by Gaydon & Pearse (1939) for RbH. Thus it is hardly safe to rely on this example of a break in the curve towards a lower limit. There are, however, indications of similar changes in the curves for the excited states of other alkalimetals.
It should be noted that all the discontinuities discussed above refer to excited states. The authors are unaware of any evidence for a sharp change of slope in the curve for any ground electronic state, although a large number of such states have been examined. For some molecules, especially CO and N2, many of the higher electronic states appear to possess only a few vibrational levels. In such cases, the vibrational levels seem to terminate abruptly, probably owing to pre dissociation caused by crossing of a repulsive potential curve, and they do not converge to a limit in the usual way.
We conclude that there is little evidence that the extrapolation to the dissocia tion limit, where it is made with reasonable care from a fair number of vibrational levels, is likely to be seriously in error for ground electronic states. The possibility of abrupt termination of vibrational levels due to crossing of the potential curve with a repulsive potential curve must however be borne in mind, especially for excited electronic states.
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The non-crossing rule •
According to the non-crossing rule of Hund, and Neumann & Wigner (1929) , potential energy curves of the same electronic species which would to a first approximation cross each other, will, in higher approximation, avoid this crossing.
Two cases of avoided crossing are illustrated in figure 1 (a) and (6). The broken lines indicate the potential curves in first approximation where they cross, while the full-fine curves represent the higher approximation where the crossing is avoided by the repulsion between the two curves. It will be seen that where one of the curves, in first approximation, is repulsive, there is the possibility of the lower curve showing a maximum as well as the usual minimum characteristic of a stable state. We suspect that such maxima may be fairly common for molecules like CO and N2 Where we have evidence from the abrupt termination of vibrational levels that, at any rate among the higher electronic states, there is considerable interference between the numerous potential energy curves.
It should be noted that in an avoided crossing of the type illustrated in figure 1 (a) there is little chance of attributing vibrational levels of the upper curve to a continuation of the vibrational levels of the lower curve and so failing to dis tinguish between the molecule in the two states as, in general, the rotational constants and the internuclear distance will not vary smoothly in passing from one electronic state to the other; the value of B will usually be appreciably smaller for vibrational levels of the upper arm than for those of the lower. In the actual neighbourhood of an attempted crossing the concept of potential curves probably has little meaning and only the energy levels may be regarded as real, but away from the actual crossing and its accompanying perturbations we may expect the vibrational and rotational energy levels to behave normally with different constants for the two states.
In the case of a potential maximum, as illustrated in figure 1 (6), vibrational levels may exist above the dissociation limit, that is between the levels A and B in the figure. Molecules in these levels will therefore be in a metastable state and may be able to predissociate spontaneously. However, it does not always follow that their life will be short as, if the potential maximum is broad, there will be little overlap between the wave functions corresponding to the vibrational levels and the wave functions corresponding to the dissociated condition, and passage through the potential barrier may be very rare. Thus levels not much above A may behave essentially normally and strong transitions to and from these levels may be observed in the spectrum.
As far as we are aware there is only one example, CaH, in which there is actual data indicating crossing of potential energy curves of the same species, and this appears to be due to an incorrect interpretation of the spectrum rather than to a violation of the rule.* For CO, N2, NO and CN, however, the use of low values for the dissociation energy leads to a violation of the rule because known potential curves would have to cross repulsive curves of the same species arising from the lowest dissociation limits.
In considering the non-crossing rule in relation to the determination of dis sociation limits we may well quote the caution given by Mulliken (1937): e .. . it would be wise to keep in mind the possibility of avoided crossing with fulfilment of the non-crossing rule and accompanied by maxima in the potential energy curves of the states under consideration. It is likely that maxima, small or large, will prove to be more common than has been supposed.
' If so, some of the existing conclusions as to dissociation energies based on pre dissociation phenomena or on convergence of vibrational series to a limit may need revision.
*.. .Even in cases such as 0 2, N2 and NO there remains a shadow of doubt as to the reliability or at least the accuracy of the accepted values. For instance, the existence of hitherto unsuspected maxima in potential curves might affect some of these values; also, the use of predissociation data appears to be somewhat risky unless great caution has been used.'
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The dissociation of CO
The history of the determinations of D(CO) has been given briefly in the intro duction. The b 1S upper level of the Angstrom bands and the 632 upper level of the Third Positive bands both show definite predissociation at 11-11 eV, and this is certainly an upper limit for D(CO). Gero (1936) reported predissociation in bands of the Fourth Positive system with v' = 9 and 10. the three possibilities (a) that this predissociation is real and corresponds to a real limit, (6) that it is real but is accidental and does not correspond to a dissociation limit, and (c) that the predissociation is not real at all but is only a perturbation. The first possibility gives D (C O) = 6-92'eV, a value advocated by the second possibility gives 9-14 eV, the value which Herzberg favours, while the third possibility, taken with the assumption that the predissociation at 11-11 is actually a limit, gives D(CO) as either 11-11 or 9-85 eV. Gero's published photo showing this predissociation in the Fourth Positive bands, and our own spectro grams taken on a Hilger E.l quartz Littrow spectrograph, seem to us to favour the third possibility, that the effect observed is only a perturbation and not a predissociation. Further, the superposition of a ' 3A ' band on the (9, 18) Fourth Positive band results in anomalous intensities of the lines of the latter, giving an effect resembling predissociation. Herzberg (1942) has used Faltings, Groth and Harteck's observations on the photochemical decomposition of CO as an argument in favour of D(CO) = 9-14. We have already discussed this photodissociation (Gaydon & Penney 1942) and pointed out that with due consideration for the initial act of absorption this does not rule out 9-85 eV, even if the initial act is direct photodissociation, but that probably it is a case of induced photodissociation and therefore tells us nothing. Electron collision experiments indicate _D(CO) = 9-6 + 02 eV, but the curve from which this result is obtained appears to be of complex structure and might be capable of an alternative explanation. Certain chemical calculations involving the latent heat of sublimation of carbon, and also Marshall and Norton's direct deter mination of the heat of sublimation favour H(C0) = 11. Extrapolation of the vibrational levels of CO+ favour a value a little over lOeV (but see footnote added in proof*).
We now propose to examine the application of the non-crossing rule to the various potential energy curves for CO. The lowest possible dissociation products are C(3P) 4-0(3P). These lead, on the Wigner-Witmer correlation rules, to the formation of molecular states of the following types 12+(2), IS-, in (2), *A, 3S+(2), 3S-, 3n(2), 3A
together with a number of quintet states. Now, if the non-crossing rule is to be upheld, these molecular states arising from the lowest products of dissociation must either link up with the various known electronic levels of CO of corresponding type or must lie wholly below them so as to avoid crossing. An energy level diagram is shown in figure 2 ; this gives all the known electronic states of CO with the certainly known vibrational energy levels indicated for each. For application of the noncrossing rule, the a '32 + state is the most interesting. From the analysis of the Asundi bands, some 12 vibrational levels are known, but by following up per turbations in the a1!! upper state of the Fourth Positive bands and in the b1!!^ upper state of the Angstrom bands, Schmid & Gero (1937) have been able to track the vibrational levels up to v' = 41 for a '32+ (the v' values used in the original paper need to be raised by 2 units). The vibrational levels are smoothly spaced up to this point which is within about 1000 cm.-1 of the extrapolated convergence limit at l b l eV. Now the normal dissociation products must result in two 32 + states, i.e. two states of the same species as a '32 +. The regularity of the vibrational levels of this state does not indicate any perturbations such as would result from an avoided crossing, so that if the rule is to hold a '32 + must dissociate to normal products, or alternatively the two potential curves of 3S+ type from these products must lie below that for a/32 +. In the latter case there must be two unknown 3S + states lying below 50,000 cm.-1, and this is inconceivable. It would be just possible that the curve for a '3S+ might reach a maximum at I d eV, and then descend to a limit below this point, but the exact coincidence of this extrapolated limit at 11-1 with the energy of the two known strong predissociations is too striking for this hypothesis to appear tenable. If the non-crossing rule holds there can be no doubt that D(CO) = 11-1 eV.
It may be noted that with the value for D(CO) favoured by Herzberg (9*14 eV) the A d state also violates the non-crossing rule. 
The dissociation of C0+
The value of /)(C0+) can be determined from the cycle
D0(CO+) = D0(CO) + /(C) -/(CO).
Taking the ionization potential of carbon as [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] and of carbon monoxide as 14-1 (Hagstrum & Tate 1941) we get Z)(CO+) = Z)(CO) -2-9.* In view of the doubt about CO it seems desirable to see if we can obtain any additional evidence from a study of the spectrum of CO+.
Three band systems are known for C0+, the First Negative carbon bands b 2E to x 22, the Comet-tail system a2II to x 2E, and the Baldet-Johnson system b 2£ to A2n . From the analysis of these systems some thirteen vibrational levels, the highest with an energy of 25971 cm.-1 (= 3-21 eV), are known for the lowest, x 2H, electronic state. These levels show an almost constant second difference, and Biskamp (1933) has made a linear extrapolation to a limit at 79700 cm.-1 = 9-9 eV, a value which, in view of the length of the extrapolation may not be of high accuracy. For the upper b 22 state, which lies at an energy of 45652 cm.-1 (5-66 eV) above the ground state, ten vibrational levels with a total energy of 14543 cm.-1 (1-80 eV) are known, these extrapolating, according to Biskamp, to 29600 cm.-1, that is about 75252 cm.-1 or 9-3 eV above the ground state. The a 2H state lies some 15600 cm.-1 (= 1-93 eV) above the ground state. Fourteen vibrational energy levels are known extending to 45762 cm.-1 (= 5-67 eV) above the ground state. We have extrapolated these vibrational levels to their dissociation limit, and assuming a normal convergence find a value of about 9-2 eV for this limit.
The lowest dissociation products for CO+ are C+(2P) and 0(3P), and this com bination will produce one 2E+, two 22~, two 2II and other molecular states of higher multiplicity and A value. There does not appear to be any experimental evidence as to whether the observed 22 states of CO are + or -. If they werethen there would be no difficulty in assuming that all the three known states converged together to normal products at a dissociation limit of around 9 eV giving a high value for Z)(CO). However, it is usually assumed that both 22 states are 2S+, an assumption which seems more reasonable a priori. If this is so then x 2S and b 2Z must dissociate to different limits. To avoid crossing, the x 22 must dissociate to C+(2P) 4.0(3P) while b 2E must go to C+(2P) + 0(x/)) some 1-97 eV higher. Taking the limit for b 2£ as 9-3 this would give Z)(CO+) as 7-3 and CO) as 10-2 ; to bring this limit up to that required to give Z)(CO) = 11-1 it would be necessary to postu late a fairly considerable break in the AGv -v curve for b 2Z, as is in fact observed for one of the states of N^. On the other hand the vibrational levels of A2n which should, on the non-crossing rule, dissociate to normal products, are known up to 5-67 eV and appear as shown above to converge to a value of Z)(CO+) a good deal higher than 7-3. It is probable that for CO+ the potential curves for the two known excited electronic states are perturbed by other states and depart from the conventional form. All that may fairly be deduced is that data obtained from CO+ favour a value for D(CO) above 10 eV.
The dissociation energy of N2
The spectrum of nitrogen shows definite predissociation in bands of the Second Positive'system with v' = 2,3 and 4. This leads to a dissociation lim Van der Ziel (1934 has also found a weak predissociation in some of the upper vibrational levels of the state, which is the initial state of the First Positive system. This predissociation occurs at 9*844 eV. Both of the components of the IT levels resulting from A doubling are affected by the predissociation, and the strength of the predissociation increases with rotational quantum number. This has led van der Ziel to interpret the predissociation as due to a repulsive A state, and this argument leads to D(N2) = 7*383 eV.
As with CO, this low value of the dissociation energy implies a violation of the non-crossing rule. Some sixteen vibrational levels are known for the a 32+ state, these rising to about 1 eV above the dissociation limit N(4$) + N(4$) which should give rise to a 32+ state. Similarly, vibrational energy levels for a 1IIM and B3IIff are known well above the N(4$) + N(2Z>) limit from which states of these types should arise. An energy level diagram for N2 showing this is given by Herzberg (1939) , who has accepted van der Ziel's interpretation of the predissociation.
This violation of the non-crossing rule led us (1942) to doubt the low value for the dissociation energy. It has now been shown by one of us (Gaydon 1944 a) that there is an alternative interpretation of van der Ziel's predissociation. It has apparently been generally assumed that when a II state is perturbed or predissociated by a 2 state only one of the two components of the II state due to A doubling is affected. Actually this is invariably true only for II states in Hund's case b. In Hund's case a the rotational quantum number J is the determining factor in the rotational energy of the II state and in the selection rules, and A is not rigorously a good quantum number. The B3IIff state of N2 is intermediate be tween Hund's cases a and b but approximates sufficiently to the former to lead us to expect that the quantum number J will dominate A in the choice of selection rules.
The lowest dissociation products for N2 are 4$ + iS, and from these atomic states a molecular 5E+ state can arise. It is reasonable to suppose that this state is repulsive. Each rotational level (in so far as it is possible to define a rotation of a non-stable molecule) is defined by a quantum number A, and each level A consists of five spin components J -K -2, A -1, A, A +. 1 and A -Imetry of all five spin components of any A level is the same (Symmetry 4-orrefers to reflexion in the origin of the nuclear and electronic coordinates, inclusive of spin). For a proof of the statement see Wigner & Witmer (1928) ).
In order to interpret van der Ziel's predissociation, we suppose that near the crossing of the potential curves of b 32 ff and 52 + it is possible for a range of J values in the stable II state to change spontaneously to the same value in the E state. Any small adjustment in the rotational energy is easily accomplished by variations in the kinetic energy of the nuclei along the inter-nuclear direction, since this motion is not quantized in an unstable state. Each value in the 5E+ state occurs twice with one symmetry (+ or -) and thrice with the opposite symmetry (-or + ) . Hence both components of the A doublets of the n state can predissociate.
It is perhaps worth pointing out that if the E state had been stable, the mutual perturbations of the E and H states would be very much more limited because the condition of equal energy of levels with the same symmetry and J value will be satisfied only at one point in each series of levels. However, for CN, Wager (1943) has observed perturbations in both A components of a 2H state, in Hund's case a, resulting from interaction with a 2S state. Levels of the A2n state, with vibra tional quantum number v -9, are perturbed by levels of the b 2E The levels of 2IIj with J = 3 | and 1\ and of 2H| with J = 10| and 15| interact with levels of the 2E state with K = 4, 7, 11 and 15 respectiv tion of this series of perturbations shows that both components of the H state (due to A doubling) are affected, but at different energies.
With this interpretation of van der Ziel's predissociation in N2, and making use of the definite dissociation limit at 12-145 eV, we obtain for the dissociation energy a value of 9-764 eV. The values of 7-383 and 8-573 are not ruled out by this interpretation of van der Ziel's predissociation, but, as already stated, the 7-383 value leads to a violation of the non-crossing rule by the b 3E3 and a 1Ylu states of N2, while the 8-573 value implies a violation of the rule for several states of NO (see later). No violation of the non-crossing rule is indicated by the value of 9-764, which also agrees better with the values obtained by the Birge-Sponer extra polation for the x xE+, a lIiu, a3E+ and B3Htf states of N2.
It should be noted that Hagstrum & Tate (1941) have made a determination of the dissociation energy by electron collision experiments using a mass spectro meter. They found that ionized nitrogen atoms appeared at 24-3 eV. Taking the ionization potential of atomic nitrogen as 14-55 and using the relation
we obtain directly D (N 2) = 9-75 ±0 -2 eV, of 9-764 eV. In order to bring their results into hue with the spectroscopic value of 7-383, Hagstrum & Tate assumed that the products of dissociation were excited atoms, but this now seems unnecessary. Using tl»e latest values for 7(N) and /(N2) as 14-55 and 15-58 we obtain £>(N2)-/>(N2 +) = 1-03.
The First Negative bands of N^ correspond to a 2E+->22 + transition, and extra polation of the vibrational levels indicates that both states probably have the same dissociation limit which is presumably the lowest, N(4$) + N+(3P). Extra polation of the vibrational levels of the lower state is of little value as the extra polation to the limit is long. For the upper level, the situation is more favourable. Herzberg (1928) observed definite vibrational levels up to v' = 11 and using data for band heads, obtained D(N£ ) around 6*9 eV. Since then Parker (1933) has made a rotational analysis of the (13, 15) First Negative band. Making use of this
The dissociation energies of CO, Na, NO and CN additional data, and using values (calculated with the aid of the rotational con stants) for band origins instead of heads (which differ significantly because some bands are degraded to the red and some to the violet and in some cases the heads and origins are far apart) we have repeated the extrapolation. The result is shown in figure 3 , which is a curve between AGv+i and the total vibrational energy term Gv. The values of D(N2) to which the extrapolation would lead are indicated along the Gv axis. It will be seen that the curve, like that of AgH, shows a definite inflexion leading to a higher dissociation energy and that while a value for D(N2) as high as 9*7 would have appeared unlikely from extrapolation of the lower vibrational energy levels, with the new data for higher levels, this value does appear possible.
It will be noted that a smooth extrapolation to D(N2) = 7-38 would be quite im possible, and indeed the v' = 14 level itself lies slightly above th We thus see that evidence obtained from the spectrum of ionized nitrogen does not contradict the new higher value for the dissociation energy of N2. The value for is probably 9*764 -1-03 = 8*76 eV. Herzberg (1939) .
One of us (Gaydon 19446) has recently studied the several band systems emitted by NO and has drawn up potential energy curves for all the known electronic states. It has been shown that it was extremely difficult to reconcile a low value of I>(NO) with the non-crossing rule. The new value lies just above all the known energy levels for the /?, y and 8 systems, and although it is ne the potential energy curves of the upper electronic states are largely determined by higher dissociation products, the non-crossing rule is not actually violated, and no energy levels are known above the expected dissociation limits for the respective states.
A. G. Gaydon and W. G. Penney T h e d i s s o c i a t i o n e n e r g y o f c y a n o g e n Using certain thermochemical data, including a somewhat low value for the dissociation of C2N2 into 2CN, Herzberg (1939) obtained D(CN) = 5*96 eV. Schmid, Gero & Zemplen (1938) have followed vibrational levels for the A2n state of CN up to v = 30 at an energy of about 51,000 cm.-1 (6*3 eV) by observing perturbations in the violet system. The extrapolated limit for a2II obtained by Schmid, Gero & Zemplen is 60,500 ± 1,000 cm.-1 (7*5+ 0*12 eV). Now on the non-crossing rule a 2II should dissociate to the lowest possible products, C(3P) + N(4$), so that if P(CN) = 5*96 we are again faced with a violation of the non-crossing rule.
However, if we use the new values D(CO) = 11*11, D(N2) = 9*76 and take (see data summarized by Bichowsky & Rossini 1936) C2N2 4-20a = 2C02 + N2 4-260 kcal.
2CO 4-0 2 = 2C02 4-134 kcal.
and use White's (1940) spectroscopically obtained value for the dissociation of C2N2 into 2CN as 146 + 4 kcal., we obtain H(CN) = 7*6 ± 0*2 eV, which is in satisfactory agreement with the direct spectroscopic limit obtained by Schmid, Gero & Zemplen.
Conclusion
The only molecules which have hitherto been thought to violate the non-crossing rule (excepting the doubtful case of CaH) are CO, CN, NO and N2, which are just those molecules for which the Birge-Sponer extrapolation was in serious disagree ment with the dissociation energies obtained by predissociation data. It has been shown that by interpreting the effect in the Fourth Positive bands of CO as a perturbation instead of as a predissociation and by using the alternative explana tion for van der Ziel's predissociation in the nitrogen spectrum, violation of the non-crossing rule can be satisfactorily avoided for all the above molecules.
We are therefore of the opinion that the non-crossing rule is a reliable guide in the correlation of atomic and molecular energy levels 
